forcefully fitting an extension reservoir removed from a Zymo-Spin V column 1 (Zymo Research) into a MinElute silica spin column (Qiagen). The extension 2 reservoir-MinElute assembly was then placed into a 50 ml falcon tube. The 14 ml 3 solution containing binding buffer and the extraction supernatant was then poured 4 into the extension reservoir, and the falcon tube cap was secured. The binding 5 apparatus was centrifuged for 5 min at 1,600 g. The extension reservoir-MinElute 6 column was removed from the falcon tube and placed into a clean 2 ml collection 7 tube. The extension reservoir was then removed, and two washing steps were 8 performed by adding 720 μl of binding buffer to the MinElute column, centrifuging 9 on a bench-top centrifuge, and discarding the flow-through. Then, two washing 10 steps were performed by adding 720 μl of PE buffer (Qiagen) to the MinElute 11 column, centrifuging on a bench-top centrifuge, and discarding the flow-through. 12
The MinElute column was dry-spun for 1 min at maximum speed (15,000 rpm) in 13 a bench-top centrifuge and then placed in a fresh 1.5 ml DNA LoBind tube 14 (Eppendorf). For elution, 15 μl of EB buffer was pipetted onto the silica membrane 15 and after 5 min of incubation was collected by centrifugation for 1 min at 16 maximum speed. This step was repeated for a total of 30 μl of DNA extract. One 17 microliter of each extract was quantified using a Qubit High Sensitivity dsDNA 18 assay (Life Technologies). 19 20
| PCR of the genus Oryza (atpE gene) 21
For the detection of rice DNA in calculus samples, PCR was performed using 22 atpE gene primers, the sequences of which were specific to the genus Oryza 1 atpE gene: atpE_F1 (5′-CGTATTCTCAAGGGACCCATATCT-3′) and atpE_R1 2 (5′-GCCAAATTGGCGTATTACCAA-3′) (Tozawa et al., 2007) . This pair of 3 primers was selected on the basis of the following criteria: (1) The amplified 4 sequence is Oryza-specific, as confirmed by BLAST (blastn-megablast) (Altschul, 5
Gish, Miller, Myers, & Lipman, 1990) . (2) The amplified sequence is shorter than 6 100 bp (expected size: 70 bp) because of the highly fragmented nature of ancient 7
DNA (Carpenter et al., 2013). (3)
The sequence is present in the chloroplast, 8 mitochondrial, and nuclear genome, because they are usually present in high 9 copy numbers and the sequence is expected to be easily amplified. (4) The 10 primer sequences are largely divergent from sequences of bacteria, archaea, and 11 fungi, to avoid nonspecific amplification. 12
Each PCR reaction mixture contained 22.6 μl of molecular-grade water, 4 μl of 13 10 × PCR buffer, 1.0 U AmpliTaq Gold DNA Polymerase (Applied Biosystems), 14 3.2 μl of MgCl2 (25 mM), 4 μl of dNTPs (2 mM), 2 μl of each primer (10 μM), and 15 2.0 μl of DNA template (5 ng/μl) for a total volume of 40 μl. PCR thermal cycling 16 conditions were as follows: 9 min at 95°C; 40 cycles of 30 s at 95°C, 30 s at 50°C, 17
and 30 s at 72°C; and, finally, 7 min at 72°C. Negative controls (water) were 18 included in the PCR amplification, in order to verify the PCR efficiency and to 19 detect contamination, if any. After the PCR amplification, 4-9 μl of PCR solution 20
was loaded on MCE-202 MultiNA (Shimadzu), a capillary microchip 21 electrophoresis system for DNA analysis. For sequencing, second PCR was 1 performed using 1 μl of product from the first PCR with the same conditions as 2 before, but for 10 cycles. Nucleotide sequences of the PCR products were 3 obtained and analyzed in an ABI 3730xl DNA Analyzer (Applied Biosystems) or 4
Applied Biosystems 3130xl Genetic Analyzer by the Fasmac sequencing service 5 (Fasmac). Sequencing was conducted in both directions. 6 7 2.7 | DNA metabarcoding 8 DNA extracts and extraction blank controls were amplified using four DNA 9 metabarcoding markers: trnL intron (P6 loop of the chloroplast trnL intron) for 10 plants, 12S rRNA (two different primer sets) for vertebrates/teleosts, and ITS1 for 11 fungi. As for animal DNA metabarcoding, it is expected that human DNA would 12 be amplified predominantly when targeting animal DNA, so we used human 13 blocking primer sets for DNA metabarcoding with 12S rRNA primer sets. The 14 sequences of primers used for DNA metabarcoding are listed in Table 2 . 15
All primers were modified to include a subset of Nextera XT (Illumina) adapters. 16
Each PCR reaction mixture of the first PCR contained 11.38 μl of molecular-grade 17 water, 2.5 μl of 10 × PCR buffer, 0.6 U AmpliTaq Gold DNA Polymerase (Applied 18 Biosystems), 2 μl of MgCl2 (25 mM), 2.5 μl of dNTPs (2 mM), 1.25 μl of each 19 primer (10 μM), and 4 μl of DNA template (5 ng/μl) for a total volume of 25 μl. 20 PCR thermal cycling conditions were as follows: 9 min at 95°C; 40 cycles of 30 s 21 at 95°C, 30 s at 50°C, and 30 s at 72°C; and finally 7 min at 72°C. PCR products 22 were purified using Agencourt AMPure XP kit (Beckman Coulter Genomics) and 1 quantified using the HS dsDNA Qubit Assay on a Qubit 2.0 Fluorometer (Life 2
Technologies). 3
The second-round PCR (second PCR) used the first PCR products as a 4 template. Each PCR reaction mixture of the first PCR contained 25 μl of 2 × KAPA 5
HiFi HotStart ReadyMix (KAPA Biosystems), 5 μl of each Nextera XT Index 6
Primer 1, 5 μl of each Nextera XT Index Primer 2, and 15 μl of the first PCR 7 products as a template, for a total volume of 50 μl. PCR products were purified 8 using Agencourt AMPure XP kit (Beckman Coulter Genomics), quantified using 9 the HS dsDNA Qubit Assay on a Qubit 2.0 Fluorometer (Life Technologies), and 10 visualized using a High Sensitivity DNA Assay Chip kit on a Bioanalyzer 2100 11 (Agilent). Samples with less than 0.5 ng/μl DNA were discarded. 12
Purified PCR products were pooled to equimolar concentration (4 nM). Five 13 microliters of the pool library was denatured with 5 μl of fresh 0.1 N NaOH. 14 Including HT1 buffer (provided by Illumina), the denatured library was diluted to 15 a final concentration of 4-8 pM. Here 5% PhiX DNA spike-in control was added 16
to improve data quality of low-diversity samples such as PCR amplicons 17 
| Data analysis 22
Nextera XT adapters were removed from paired-end reads using cutadapt 1 v.1.11 (Martin, 2011) . Trimmed paired-end reads were then merged using the 2 illuminapairedend tool in OBITOOLS (Boyer et al., 2016). Unmerged reads were 3 removed using obigrep. Sequences with counts ≤10 were removed using obiuniq, 4 obistat, and obigrep. Each sequence was then assigned the status of "head," 5 "internal," or "singleton" using obiclean. Since all sequences labeled "internal" 6 probably correspond to PCR substitutions and indel errors, only "head" and 7
"singleton" sequences were used for sequential taxonomic assignment. All primer 8 sequences were removed because mutations may be inserted in the process of 9 PCR amplification. Taxonomic assignments were identified using blastn-10 megablast on the NCBI website (https://blast.ncbi.nlm.nih.gov/Blast.cgi) with the 11 database of the NCBI nucleotide collection (nr/nt) (Altschul et al., 1990). For plant 12 (trnL primer sets) and animal (12S rRNA primer sets) DNA metabarcoding, taxa 13 with 100% query coverage and 100% identity were accepted. For fungal (ITS 14 primer sets) DNA metabarcoding, taxa with 99% identity were accepted. 15
Identification was determined from the genus to the order level from accepted 16
taxa. 17
The taxa detected from soil samples were removed from among those used for 
| RESULTS

22
| DNA extraction 1
We extracted DNA successfully from 13 samples out of 14 samples. DNA 2 extraction yields are shown in Table 1 . The total amount of DNA was 206-3 1,650 ng and normalized yields of DNA were 13-90 ng/mg calculus, which is far 4 more than for DNA extracted from bone and dentine (Warinner, Speller, Collins, 5 & Lewis, 2015b). We also confirmed the presence of oral bacteria such as 6
Streptococcus parasanguinis and Streptococcus salivarius (Supporting 7
Information Table S1 ). 8 9
| Plants 10
We examined whether DNA of the genus Oryza, which includes rice species 11 (Oryza sativa), was detected from ancient calculus in Edo people. This is because 12 rice was a staple food of people living in Edo City and is likely to be detected from 13 such calculus. DNA amplification of Oryza was detected in eight out of 13 calculus 14 samples by PCR, as shown in Figure 2 . The sequences of the PCR products 15
were identified as the genus Oryza (E value = 2.0 × 10 −26 ), which included a 16 cultivated rice taxon (O. sativa). There was no significant difference between the 17 sexes (Fisher's exact test, p = 0.59). 18
Next, we investigated whether other genera of plants could be detected from 19 ancient calculus samples using DNA metabarcoding analysis (shown in Table 3 ). 20
For DNA metabarcoding, the P6 loop of the chloroplast trnL intron was amplified 21 using the primers trnL-g and trnL-h (Taberlet et al., 2007) , as shown in Table 2 . 1
After identification with Blast, seven taxa were confirmed at the family level and 2 10 taxa were confirmed at the genus level from six samples in total, as shown in 3   Table 4 . Sequences of the family Fagaceae were detected from four individuals, 4
and sequences of the family Poaceae and the genera Lactuca, Celtis, and Oryza 5 were detected from two individuals. Other taxa were detected from one individual. 6
The sequence of Ginkgo biloba was detected from both soil and calculus DNA, 7
and we excluded this sequence from further analyses. 8 9
| Animals 10
We also investigated whether animal DNA could be detected from ancient 11 calculus samples. We used "12SV5" primer pairs for the amplification of 12 vertebrate DNA and "teleo" primer pairs for the amplification of teleosts (Riaz et 13 al., 2011; Valentini et al., 2016) . The results are shown in Table 3 . No animal 14 taxon except human was detected from the calculus samples. Human DNA was 15 detected from one sample. 16 17
| Fungi 18
With regard to fungi, 3 taxa were confirmed at the order level, 4 taxa at the 19 family level, and 12 at the genus level, from five calculus samples in total, as 20
shown in Table 5 . Sequences of the genus Wallemia were detected from four 21 individuals, and sequences of the order Filobasidiales and the genera 22
Cladosporium, Peniophora, Sporidiobolus, and Trametes were detected from two 1 individuals. Other taxa were detected from one individual. Sequences of the 2 genera Aspergillus and Malassezia were detected from both soil and calculus 3 DNA, and we excluded these sequences from further analyses. 4
The purpose of this study was to assess the potential utility of ancient calculus 7 DNA as a source of dietary evidence. Indeed, we demonstrated that plant DNA 8 can be extracted from ancient calculus and identified at the family or genus level. 9
Most of the identified taxa included species that were described as food in the 10 historical literature of that time (Table 4) . For example, lettuce (Lactuca sativa) 11 was described as the food plant chisha (in Japanese) in Nogyo Zensho, 12 published in the Edo period (Miyazaki, 1697) . 13
In particular, we detected Oryza sequences by both genus-specific PCR and 14 DNA metabarcoding. Amplification was observed from more than half of the 15 calculus samples in genus-specific PCR, but not from soil samples. Wild Oryza 16 species are not distributed in Japan, so these results suggest that the Oryza DNA 17 detected from calculus samples is derived from rice consumed as food. 18
The diet of townspeople in Edo City has been investigated by analyzing 19 historical literature and performing stable isotope analysis. Historical studies 20
suggested that the diet of the Edo townspeople was mainly composed of rice and with these reports that DNA of the genus Oryza and taxa including a variety of 4 vegetables was detected from calculus samples in this study, although fish DNA 5 was not detected. DNA metabarcoding of ancient calculus samples thus appears 6 to be a promising approach for screening the diversity of plant food from the past. 7 8
| Plants 9
For the genus Oryza, there is a difference between the results of PCR obtained 10 with the Oryza-specific primer set and DNA metabarcoding with the trnL primer 11 set. PCR products were detected in more than half of the samples (eight out of 12 13 calculus samples) when using the specific primer set targeting sequences on 13 mitochondria, chloroplasts, and the nucleus. On the other hand, a sequence of 14 the genus Oryza was detected from only two out of eight samples when using the 15 chloroplast trnL primer set for DNA metabarcoding analysis. This can be 16 explained by the number of genome regions in which the sequences exist. The 17 numbers of mitochondrial and chloroplast DNA copies contained in each 18 organelle range from 10 to more than 100. Moreover, multiple copies of both 19 organelles are contained in a cell, so the sequences present in both mitochondrial 20 and chloroplast genomes are very easy to amplify by PCR. We selected this 21 specific primer set because the sequences exist in multiple regions, including two 22 sites of the mitochondrial genome, one site of the chloroplast genome, and eight 1 sites of the nuclear genome. This can explain why the sequences of the genus 2 Oryza were detected in the experiment with the specific primers much more than 3 in that with the trnL primer set. 4
DNA of the genus
produced a relatively small number of starch grains, so it seems to be quite 8 difficult to identify Allium species by starch grain analysis of archeological 9 materials. Our results indicate that plant DNA analysis from calculus enables us 10 to identify even plants hardly remain at a site or plants that produce little starch. 11
Taxa that are difficult to interpret as food were also detected from the calculus 12 samples (Table 4) . Wild species of the genus Nicotiana did not exist in Japan 13 (Iwatsuki, Boufford, & Ohba, 1995), and only cultivated species for making 14 tobacco were present at that time. Smoking was common among the 15 townspeople in Edo City (Kitagawa, 1853), so it seems reasonable that this taxon 16 was detected from the calculus samples, although a pipe was normally used and 17 chewing tobacco has not been recorded. 18
The source of the plant of the Cupressaceae family is ambiguous. Hardy et al. 
| Animals 4
Analysis of faunal food residues by DNA metabarcoding requires one more 5
step. There is a problem that samples such as feces and calculus are often 6 enriched with predator DNA (i.e., humans in this study), so the result of PCR 7 amplification could be dominated by predator DNA rather than by prey DNA (Piñol, 8
Mir, Gomez-Polo, & Agustí, 2015). To overcome this problem, a "blocking primer" 9 has been used to reduce the amplification of predator DNA. This primer 10 preferentially binds to predator DNA and is modified so that it does not prime 11 amplification. There are various types of blocking primer, and the most effective 12 and common type is the primer that overlaps with the 3′ end of the universal 13 primer but extends into predator-specific sequence and is modified with a C3 14 spacer (three hydrocarbons) at the 3′ end (Vestheim & Jarman, 2008) . This C3 15 spacer prevents elongation during PCR, so prey DNA is preferentially amplified. 16
In this study, we used a blocking primer of human DNA, but meat or fish DNA 17 could not be identified from the calculus samples. Previous studies reported that 18 blocking primer inhibits the amplification of target DNA in some cases (Piñol et 19 al., 2015; Port et al., 2016). We reduced the concentration of human blocking 20 primers considering those studies. However, there is a possibility that blocking 21 primers worked as an inhibitor of the PCR reaction because no animal DNA was 1 detected. This is troublesome because human DNA would be amplified without 2 blocking primers. In fact, human DNA was amplified even with blocking primers 3 (Table 3) . This dilemma is difficult to resolve, and study using modern calculus is 4 needed to confirm this interpretation and improve the method. 5 6
| Fungi 7
Fungal DNA was also detected from the calculus samples (Table 5 ). It is 8
interesting that the functional group of many taxa was white rot (wood-decaying 9 fungi). The proportion of white-rot fungi in soil is quite small (<1%) (Tedersoo et 10 al., 2014), and we excluded taxa that were detected from soil samples. The 11 source of the detected fungi is unclear, but one possibility is that they came from 12 wood used as chopsticks or a toothbrush. Other identified taxa such as Alternaria 13
and Clonostachys are plant pathogens, which might have been derived from 14 plants used as food (Weyrich et al., 2017) . 15 16
| Advantages and limitations of this method 17
The advantages of food DNA analysis of calculus include the possibility of 18 performing genus/species-level identification. Species-level identification was not 19 performed in this study, but it would theoretically be possible if specific primers 20 were used. This method also enables us to detect plant species that hardly 21 remain at a site (e.g., leaves, roots, and rhizomes) and can complement other 22 methods such as stable isotope and starch analyses. and its use may also spread to ancient calculus studies for dietary analysis. 21
There is a possibility that the nuclear genes or genome can be analyzed from 22 the food debris of calculus. It was reported that high-throughput sequencing 1 technologies are not suitable for analyzing the genome from charred 2 archeobotanicals (Nistelberger, Smith, Wales, Star, & Boessenkool, 2016). 3
Calculus is not charred, so it seems likely that nuclear sequences could be 4 obtained from it. If a taxon of interest is detected by DNA metabarcoding, one can 5 expand the analysis to more specific research, for example, examining nuclear 6 genes or correlations with oral microbiota. 7 8
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